Objective: To analyze the impact of choosing the left or the right side of the body on the anthropometric measurements and derived nutritional indices, in prepubertal children. Design: Cross-sectional pilot nutrition survey. Setting: General prepubertal school-age population. Subjects: One-hundred and sixty-four children (97 boys and 67 girls) aged 7 -9 y. Interventions: None. Results: The agreement between anthropometric measurements in both sides of the body showed that in males and in females, suprailiac skinfold thickness and arm circumference were significantly higher in the left than in the right side of the body. The agreement between body composition assessed by anthropometric measurements in both sides of the body showed that only in males was arm muscle area significantly higher in the left than in the right side, and arm fat percentage was higher in the right than in the left side of the body. Total body fat percentage calculated from skinfold thickness did not show statistically significant differences when skinfolds were obtained in the both sides of the body, either in boys and in girls. Conclusions: Our results show that differences between the sides of the body were lower than the technical error of measurement of the anthropometric measurements obtained and seem not to be biologically significant in this age group. It is necessary to standardize the method of anthropometric assessment of the nutritional status in terms of body side. Sponsorship: Universidad de Zaragoza (216-17).
Introduction
Because of its importance to health, body composition is commonly investigated in epidemiological, clinical and population studies. Reliable methods for measurement of body fat and fat distribution are therefore of importance. During the past decade, investigators have emphasized the accuracy of newer techniques, such as dual-energy X-ray absorptiometry (DXA), magnetic resonance imaging and computerized tomography, for measuring body composition; nevertheless, anthropometry is still the most widely used method, and it has recently been used to estimate fat distribution (Goran et al, 1998; Moreno et al, 1997 Moreno et al, ,2001a . The distinct advantages of anthropometry are that it is portable, noninvasive, inexpensive and useful in field studies, and there is also a substantial literature available (Wang et al, 2000) .
In choosing the instrument to assess nutritional status, researchers often elect to measure only height and weight.
These measures are quick, simple and require only limited training. More comprehensive measurement sets which include skinfolds and circumferences require more training and carry different degrees of error with them. Some skinfold thicknesses and circumferences can be taken on both sides of the body. There is no agreement about the side of the body from which anthropometric measurements must be obtained. In general, in Europe Deurenberg et al, 1990 Deurenberg et al, ,1999 Gurrici et al, 1998) and in children (Tanner & Whitehouse, 1962 ,1975 Gerver & de Brain, 1996; Moreno et al, 1998; Paul et al, 1998) , we choose the left side of the body, and in sports medicine (Peters et al, 1994; Eliakim et al, 1997; Katzmarzyk et al, 1999) and in North America (Johnston et al, 1988; Must et al, 1991; Sangi & Mueller, 1991) , the right side of the body is used. Some papers even show data from both sides (Lean et al, 1996) and others use the non-dominant side of each individual (Barker et al, 1997) .
There are limited data comparing the effect of measuring skinfolds and circumferences in both sides of the body on the assessment of nutritional status (Burgert & Anderson, 1979) . Therefore, the objective of this study was to analyze the impact of choosing the left or the right side of the body on the anthropometric measurements and derived nutritional indices, in prepubertal children.
Subjects and method

Subjects
One-hundred and sixty-four children (97 boys and 67 girls) aged 7 -9 y were studied. The main characteristics of these children are shown in Table 1 . For the recruitment of these children we selected three schools (one of medium-high socioeconomic status, one of medium socioeconomic status and one of medium-low socioeconomic status); this represents the childhood population of Zaragoza (Spain; Moreno et al, 1999 Moreno et al, ,2001b . In each school, all the children aged 7 -9 y were asked to participate in the pilot survey. Parents or children supervisors were informed by a letter about the nature and purpose of the study. After receiving their written consent, the children were considered for inclusion in the study. The children had no apparent disease and took no medication; none of them had a history of endocrine, nutritional, growth or renal problems. The participation rate was 84%.
Anthropometric method
All the anthropometric measurements were taken three times by the same person. We measured all the anthropometric variables in order, and then we repeated the same measurements a second and a third time. Measurements were recorded by another person, who did not collaborate in any other way with the measurer. Body mass index (BMI) was calculated as body weight (kg) without shoes and with light clothing, divided by height (m) squared. Body weight was measured to 0.05 kg using a standard beam balance. Height was measured to the nearest 1 mm using a Harpenden stadiometer. All the anthopometric material was calibrated every day.
Skinfold thicknesses were measured at the left and the right side of the body to the nearest 0.1 mm with a Holtain skinfold caliper, at the following sites: (1) triceps, halfway between the acromion process and the olecranon process; (2) biceps, at the same level as the triceps skinfold, directly above the centre of the cubital fossa; (3) subscapular, about 20 mm below the tip of the scapula, at an angle of 45 to the lateral side of the body; and (4) suprailiac, about 20 mm above the iliac crest and 20 mm towards the medial line.
Circumferences were also measured with a non-elastic tape on the left and the right sides of the body. For measuring the arm circumference, the subjects stood relaxed with his=her side to the observer, and the arm hanging freely at the side; the tape was passed around the arm at the level of the midpoint of the upper arm. Proximal thigh circumference was measured just below the gluteal fold and perpendicular to its long axis; the subject stood erect with the feet slightly apart and the body mass evenly distributed between both legs.
The technical error of measurement (TEM) was calculated with the following formula:
The coefficient of reliability (R) was calculated using the equation:
2 is the total inter-subject variance for the study, including measurement error. This coefficient reveals the proportion of the between-subject variance in a measured population that is free from measurement error.
Technical errors of measurement for skinfolds ranged from 0.48 to 0.56 mm, and for circumferences were 0.40 cm for arm circumference and 0.73 cm for thigh circumference. Reliability for skinfolds ranged from 97.13 to 99.39%, and for circumferences were 97.85% for arm circumference and 99.85 for thigh circumference.
Body density was calculated using the formulas described by Brook (1971) :
Boys À density=1.1690 À 0:0788Âðlog sum of four skinfoldsÞ Girls À density=1.2063 À 0:0999Âðlog sum of four skinfoldsÞ Density was converted to an estimate of body fat (%) using Because it was known at the start of the study that the sample size would be too small to include sizable subsamples differing in the degree of left-handed preference, the subjects were questioned only to determine whether or not, in performing manual activities, they were right-handed. The two handedness subsamples were right (n ¼ 157) and nonright (n ¼ 7).
Statistical analysis
Statistical analysis was performed with SPSS software and agreement plots with Microsoft Excel software for Windows. The distribution of quantitative variables was tested for normality using the Kolmogorov -Smirnov test, with Lilliefors correction, in both males and females. Skinfold thickness and circumferences showed a non-gaussian distribution in both males and females. Body composition indices showed a gaussian distribution. Therefore, anthropometric measurements were described by median and interquartile range (IQR) and body composition indices with mean and standard deviation. Comparisons between males and females were done with the Wilcoxon test for the anthropometric measurements and with the paired t-test for the body composition indices. For judging statistical significance of the tests, a probability of 0.005 was chosen because of the large number of tests that were performed.
A plot of left -right differences by each anthropometric measurement and body composition index was made to assess agreement between both sides of the body, following the Bland -Altman method (Bland & Altman, 1986) . With this graphical and numerical analysis, the lack of agreement between the both sides of the body was assessed by calculating the bias (mean difference, standard deviation of the differences and 95% confidence intervals for the bias).
Results
Ages were 7.67 AE 0.6 in boys and 7.75 AE 0.6 in girls. Weight was 30.5 AE 6.1 and 30.3 AE 6.0 kg; height 1.31 AE 0.06 and 1.30 AE 0.07 m; and BMI 17.7 AE 2.6 and 17.8 AE 2.6 kg=m 2 , respectively.
The anthropometric measurements in both sides of the body in males and in females are described in Table 1 . With a level of significance 0.005, we only observed significant results for subscapular skinfold in females; subscapular skinfold thickness was higher in the left than in the right side of the body. For body composition, we observed significant results only in males; the arm muscle area was higher in the left than in the right side of the body, and arm fat percentage was higher in the right than in the left side of the body (Table 2) . Some P-values were low with identical medians in each group; in this case, interquartile ranges were also taken into account.
The agreement between anthropometric measurements in both sides of the body showed that, in males and in females, suprailiac skinfold thickness and arm circumference were significantly higher in the left than in the right side of the body (Table 3 ). The agreement between body composition assessed by anthropometric measurements in both sides of the body showed that only in males was arm muscle area significantly higher in the left side than in the right side, and arm fat percentage was higher in the right than in the left side of the body (Table 4) . Total body fat percentage calculated from skinfold thickness measures taken on the right side of the body compared to the left side did not differ. In Figures 1 and 2 we show the Bland -Altman plots for different anthropometric measurements and indices, in males ( Figure 1 ) and females ( Figure 2 ); mean differences were close to 0, except in males for arm muscle area and arm fat percentage.
Discussion
Skinfold thickness and circumferences are accepted as body fatness predictors. Skinfold thickness represent about 40 -60% of total body fat in the subcutaneous region of the body, and can be directly measured using a well-calibrated caliper. Some circumference measurements have also been used in equations for predicting body fatness. Circumferences measured at midarm, midthigh, waist and hip are used more frequently than others, because they indicate differences among people in major regions of the body. Recently, many studies have used circumferences for estimating skeletal muscle mass and fat distribution (Rolland-Cachera et al, 1997; Moreno et al, 1999) .
Equations that predict body composition values provide a way of obtaining such data from variables that can be measured easily and accurately in large-scale epidemiological and population studies where sophisticated laboratory settings are impractical. The predicted values of body composition are less precise than those from measured laboratory procedures, but they are less expensive, and they are practical and easy to apply.
Asymmetry of paired dimensions has been recognized as a methodological problem in anthropometry (Schell et al, 1985) . The conventional statistical tests seems not to be adequate to analyse this asymmetry. In this pilot survey, we have used the method described by Bland and Altman (1986) to assess the agreement between two methods of measurement. This is not the case of our study, but the Anthropometry to assess nutritional status LA Moreno et al Anthropometry to assess nutritional status LA Moreno et al method seems to be adequate to evaluate the measurements obtained with the same method in both sides of the human body. For analysis of our data, we have used, first of all, conventional statistical tests. In the results we have given exact P-values, aiming to understand the extent of the differences between both sides of the body. In our opinion other types of analysis would be better aiming to assess these differences. With the method of Bland and Altman (1986) we did not observe significant differences in total body fat percentage, calculated either with left or right skinfold thickness; such a 95% confidence interval for total body fat percentage bias shows that, if we repeat the same experiment under similar conditions in other groups of prepubertal children, mean differences between total body fat percentage calculated from left and right measurements will vary (95% of the time) by 0.3% for males and 0.4% for females.
We also observed that in prepubertal males, arm muscle area was significantly higher in the left side than in the right side, and arm fat percentage was higher in the right side than in the left side of the body. However, we must be very cautious in the interpretation of these results because the observed differences are lower than the technical errors of measurement for each anthropometric measurement.
In 135 adolescents involved in organized school sports, Schell et al (1985) observed that arm measurements were significantly asymmetric in favor of the right side; subscapular skinfolds and leg measurements were not significantly asymmetric. Among the sample of right-handed subjects, upper arm circumference and biepicondylar breadth were significantly larger on the right side and, among the males of this subsample, triceps skinfold was as well. The nonrighthanded subjects did not show statistically significant asymmetry. Asymmetry was negatively and weakly related to body composition.
Our results show that differences between both sides of the body were lower than the technical error of measurement of the anthropometric measurements obtained. The consequences of measuring skinfold thickness and circumferences in one or the other side of the body are limited and seemed not to be biologically significant in this age group, but the range of body fat composition was not very large. However, these differences could be different in adolescents and adults. In order to compare nutritional status assessed by anthropometry in different populations, more studies are necessary to standardize the method of anthropometric assessment in terms of body side. We must choose one side, perhaps the non-dominant one, as already used by some authors (Barker et al 1997) .
